Immunohistochemistry (IHC) is used to help differentiate pleural mesothelioma from pulmonary adenocarcinoma in pleural biopsies and cytology specimens of pleural effusions due to overlapping morphologic features between these two malignancies. The aim of this study is to evaluate IHC glypican-1, a recently proposed marker for epithelioid mesothelioma, in our cohort of mesotheliomas and pulmonary adenocarcinoma. Tissue microarrays with duplicate cores from 33 cases of mesotheliomas (28 epithelioid type and five sarcomatoid type) and 21 cases of pulmonary adenocarcinoma were stained with glypican-1 antibody. The proportion of cases by tumor type showing staining with glypican-1 and the H-score for each tumor type were evaluated. All 33 cases of mesothelioma and all 20 cases of pulmonary adenocarcinoma with interpretable cores showed positive cytoplasmic staining. All but one case of mesothelioma and all pulmonary adenocarcinomas showed staining in at least 80% of the tumor cells. The mean H-score for glypican-1 of mesothelioma (134 ± 59, mean ± SD) was not significantly different from that for pulmonary adenocarcinoma (156 ± 60; P = 0.21). Neither epithelioid type (mean H-score 135 ± 57) nor sarcomatoid type (mean H-score 130 ± 78) of mesothelioma showed different H-scores when compared to pulmonary adenocarcinoma (P = 0.23 and 0.42, respectively). In conclusion, glypican-1 IHC does not differentiate mesothelioma from pulmonary adenocarcinoma.
Introduction
A commonly encountered problem with pleural biopsies or cytology specimens of pleural effusions is the distinction between pleural mesothelioma and pulmonary adenocarcinoma [1] [2] [3] . Both entities feature a proliferation of atypical epithelioid cells. Mesotheliomas can show growth patterns that mimic adenocarcinoma, including tubulopapillary, acinar, and adenomatoid patterns. Because of the overlapping morphologic features between mesothelioma and carcinoma, immunohistochemistry (IHC) is frequently used to establish the diagnosis. However, most individual immunochemical markers are not entirely specific, so it is generally recommended that a panel of immunohistochemical stains that includes at least two mesothelioma markers and two carcinoma markers be used in this setting [1] [2] [3] [4] [5] [6] [7] . Thus, an immunochemical marker that is only expressed on mesothelial cells would be diagnostically very valuable.
Glypicans are cell-surface-associated proteoglycans that bind signaling factors affecting cell proliferation, mobility, and adhesion, and are upregulated in a variety of tumors [8 and see Discussion] . Recently, Amatya et al. reported that IHC with glypican-1 is a highly sensitive marker for epithelioid mesothelioma, and only rarely stains pulmonary adenocarcinoma [9] . Glypican-1 was therefore proposed as a highly sensitive and specific marker for epithelioid mesothelioma when considering pulmonary adenocarcinoma in the differential diagnosis. The aim of this study is to evaluate glypican-1 as an immunohistochemical marker in our cohort of mesotheliomas and pulmonary adenocarcinoma.
Materials and methods
Tissue microarrays of duplicate 0.6 mm cores were constructed from formalin-fixed, paraffin-embedded tissue blocks from 31 cases of mesotheliomas (28 epithelioid and five sarcomatoid type), 19 reactive mesothelial proliferations, and 21 cases of pulmonary adenocarcinomas from the surgical pathology files at Vancouver General Hospital. Duplicate cores of 19 cases of benign reactive mesothelial proliferation were also included. Approval from the institutional ethics board was obtained for this study.
IHC was performed on the tissue microarrays with glypican-1 rabbit polyclonal antibody (1:100 dilution; Proteintech Group, Rosemount, IL, USA), the same antibody and dilution used by Amatya et al. [9] . Heat-induced epitope retrieval was performed for 30 min with EnVision FLEX TRS high pH buffer (Agilent Technologies, Santa Clara, CA, USA). The staining protocol included 20 min of incubation with the primary antibody, 10 min of incubation with EnVision FLEX+ Rabbit Linker, and 20 min of incubation with the labeled polymer EnVision FLEX/HRP.
Glypican-1 IHC was scored semi-quantitatively by one pathologist (KC) using an H-score, which is obtained by multiplying the proportion of cells showing cytoplasmic staining and the intensity of cytoplasmic staining (0, no staining; 1, weak; 2, moderate; and 3, strong). The core with the higher H-score was used for analysis. A case was considered to show positive staining when at least 1% of tumor cells showed cytoplasmic staining.
The proportion of positive cases for tumor or tissue type, and H-scores for mesothelioma, pulmonary adenocarcinoma, and benign reactive mesothelial proliferation were assessed. The H-scores between tumor or tissue types were compared using t-tests. A P-value of 0.05 or less was considered significant.
Results
Glypican-1 IHC was performed and assessed on tissue microarrays of 33 cases of mesothelioma, 21 cases of pulmonary adenocarcinoma, and 19 cases of benign reactive mesothelial proliferation. One case of pulmonary adenocarcinoma was excluded from analysis due to insufficient tumor present in the cores for assessment. Otherwise, all cases of mesothelioma, pulmonary adenocarcinoma, and benign reactive mesothelial proliferation showed positive cytoplasmic staining for glypican-1 (Fig. 1) . All but one case of mesothelioma showed at least 80% of tumor cells with positive staining, while all pulmonary adenocarcinomas showed at least 80% of tumor cells with positive staining. For each case of benign reactive mesothelial proliferation, at least 80% of mesothelial cells showed staining. The majority of mesotheliomas, 20 (61%) cases, showed weak staining (Table 1) . Eleven (33%) cases of mesothelioma showed moderate intensity, while two cases showed strong staining. The most common intensity pattern seen in pulmonary adenocarcinoma was moderate, seen in 10 (50%) cases. Nine (45%) cases showed weak staining, while one case showed strong staining. Fourteen (74%) cases of benign reactive mesothelial proliferation showed Fig. 1 Representative images of a an adenocarcinoma and b mesothelioma with both showing diffuse staining of moderate intensity for glypican-1 weak staining, while the remainder showed moderately intense staining.
The H-score for glypican-1 of mesothelioma (134 ± 59, mean ± SD) was not significantly different from that for pulmonary adenocarcinoma (156 ± 60; P = 0.21). When looking at the histologic types of mesothelioma individually, neither epithelioid (N = 28, mean H-score 135 ± 57) nor sarcomatoid type (N = 5, mean H-score 130 ± 78) showed different H-scores compared to pulmonary adenocarcinoma (P = 0.23 and 0.42, respectively). Benign reactive mesothelial proliferation showed a lower mean H-score (119 ± 3) compared to pulmonary adenocarcinoma (P = 0.03), but did not differ significantly from mesothelioma (P = 0.31). The median H-scores for mesothelioma, pulmonary adenocarcinoma, and benign mesothelial proliferation were 100, 170, and 100, respectively.
Discussion
In this study, glypican-1 IHC did not differentiate mesothelioma from pulmonary adenocarcinoma. All cases of mesotheliomas and pulmonary adenocarcinoma showed positive cytoplasmic staining for glypican-1, with a diffuse pattern in almost all cases. The H-scores for glypican-1 were comparable between pulmonary adenocarcinomas and mesotheliomas, irrespective of histologic type. Our results differ significantly from those of Amatya et al. [9] , who reported that glypican-1 was highly sensitive and specific for epithelioid mesotheliomas when differentiating them from pulmonary adenocarcinoma. They reported that all 82 cases of epithelioid mesotheliomas in their study set were positive for glypican-1, while only 3 (3%) of 97 cases of pulmonary adenocarcinoma were positive. Of note, 80 (98%) of their cases of mesothelioma showed staining in at least 10% of the tumor cells, while only three cases of their pulmonary adenocarcinomas showed positive staining in up to only 10% of tumor cells. This is in contrast to our finding that all pulmonary adenocarcinomas were positive for glypican-1, with at least 80% of tumor cells showing staining in each case.
The reason for the discordance in the glypican-1 staining, particularly for pulmonary adenocarcinoma, between our study and that of Amatya et al. is unclear. Both studies used the same glypican-1 antibody and antibody dilution. While we used tissue microarrays in comparison to the use of whole tissue sections by Amatya et al. [9] , tumor heterogeneity is unlikely to explain the discrepancy. The diffuse staining observed in essentially all of our cases of pulmonary adenocarcinomas means it is unlikely that focal hotspots of staining are being represented by the cores in the tissue microarrays. Interestingly, cytoplasmic staining in benign mesothelial proliferations was also reported by Amatya et al. [9] , which was concordant with the findings in our study. In our study, the H-score of benign reactive mesothelial proliferation was significantly lower than that for pulmonary adenocarcinoma, but this is not helpful diagnostically.
Glypican-1 expression by IHC has been described in several tumor types, including gliomas [10] , cervical squamous cell carcinoma and adenocarcinoma [11] , breast cancer [12] , and pancreatic cancer [13, 14] , and is associated with a worse prognosis in glioblastomas [15] , esophageal squamous cell carcinoma [16] , and pancreatic ductal adenocarcinoma [14] . These reports raise caution about the utility of glypican-1 as a diagnostic marker given the wide breadth of tumors that can demonstrate staining.
In summary, glypican-1 IHC, in our hands, does not differentiate mesothelioma from pulmonary adenocarcinoma. An immunostain that is highly sensitive and specific for mesothelioma remains desirable.
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